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ethane Residues in the Dustfall
of Tianjin, China
Shui-Ping Wu, Shu Tao, Tian Lan, Ben-Gang Li, Jun Cao,
Wen-Xin Liu, Yu Liu, and Bing-Jun Meng
Laboratory for Earth Surface Processes, College of Environmental Sciences, Peking
University, Beijing, P.R. China
Heating and nonheating season dustfall samples were collected from 23 sites in
Tianjin, China during 2002–2003 to determine residues of hexachlorocyclohexane iso-
mers (α-HCH, β-HCH, γ -HCH, and δ-HCH) and dichlorodiphenyltrichloroethane and
metabolites (p,p′-DDE, p,p′-DDD, and p,p′-DDT). Concentrations of HCH (sum of α-,
β-, γ -, and δ-HCH) and DDT (sum of p,p′-DDE, p,p′-DDD, and p,p′-DDT) varied in
ranges of 10.9–3.16 × 103 and 37.9–1.53 × 103 ng g−1 dry weight in heating season and
in ranges of 6.9–1.12 × 103 and 18.6–626 ng g−1 dry weight in nonheating season, re-
spectively. It was found that HCHs and DDTs concentrations of the most heating season
samples were higher than those of nonheating season samples collected from the same
sites. Among studied compounds of the HCH family, β-HCH prevailed in most samples,
suggesting a possible volatilization or resuspension from contaminated topsoil. As for
DDTs, p,p′-DDT and p,p′-DDE prevailed in most samples, indicating a possible “fresh”
input. Correlations between HCHs/DDTs and total organic carbon and particle size are
discussed. Atmospheric deposition fluxes were calculated for the heating and nonheat-
ing seasons, and the results showed that the annual input of particulate HCH and
DDT from air to surface in the studied area of 1.19 × 104 km2 were 89 t and 80 t,
respectively.
Key Words: HCH; DDT; Dustfall; Flux; Seasonal variation.
INTRODUCTION
Hexachlorocyclohexanes (HCHs) and dichlorodiphenyltrichloroethane and
metabolites (DDTs) have been of great concern due to their persistent character,
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1716 Wu et al.
toxicity, bioaccumulation properties, and occurrence in high concentrations
even in remote ecosystems, despite bans on production and large-scale agri-
culture usage for years.[1,2] Although the use of HCHs and DDTs was banned
in China in early 1980s (technical HCHs) and early 1990s (lindane and DDT),
residues of DDT and HCH from past usage or unknown fresh input persist
in agricultural soil and river sediments of Tianjin.[3−5] But the manufacture
of HCH did not cease until the end of 2000, and DDT was still manufactured
until the time of dustfall sampling in Tianjin. In addition, dicofol (C14H9Cl5O)
was produced in large amount in Tianjin, and the by-product of DDT, with a
fraction up to 10.8%, was also produced in the production process. As a result,
evaporation from polluted soils and water may become a continuous source
of atmospheric contamination.[6] Dust and vapor from treated soil and plants,
as well as emission from manufacturing processes, also contribute HCHs and
DDTs to the suspended particles and gaseous phase. They present in the at-
mosphere in several forms: as vapors or gases, sorbed onto particulate matter,
or dissolved in cloud droplets.[7−9] Particle phase components can be removed
primarily by dry and wet depositions, and their residence time is in the range
of days depending on the size of the particles,[7] whereas substances in the gas
phase generally have longer atmospheric residence time and will deposit mainly
by diffusion to the earth’s surface.[9] To understand the role of atmosphere as
important media in terms of fate of HCHs/DDTs, it is necessary to elucidate the
occurrence and fluxes of these compounds in the atmosphere. Measurements
of HCHs and DDTs in air,[9−12] fallout,[13,14] and precipitation[15] have been ex-
tensively reported in the literature for many areas. The long-range transport
of HCHs and DDTs in the form of gases or fine particulate matter has received
considerable attention.[16,18] The pesticide concentrations in precipitation sam-
ples revealed seasonal fluctuations, with higher concentrations often observed
during the application periods.[19]
Because annual rainfall in Tianjin ranges between 400 and 600 mm and
about 60% occurs in July, August, and November, the dry deposition of airborne
HCHs and DDTs has a high likelihood of being the predominant mode of at-
mospheric particulate HCHs and DDTs loading to underlying surfaces. In this
article, we present the results of an investigation on HCHs/DDTs residues in
the dustfall and their atmospheric deposition fluxes to the Tianjin area.
MATERIALS AND METHODS
Sample Collection
Sets of ceramic buckets (26 ± 0.5 cm i.d., height 30 cm, flat bottom) for col-
lecting dustfall were installed at 23 sites (Fig. 1). The nonheating and heating

































OCP Residues in the Dustfall of Tianjin 1717
Figure 1: Sampling locations. No dustfall at JC-8 in heating season and no dustfall at JC-10
in nonheating season.
2002 to March 2003, respectively. Before sampling, the buckets were carefully
rinsed with distilled water. Two buckets were placed at each site for duplicate
sampling. The sites were selected to represent the regional atmospheric depo-
sition, with the least impact from adjacent tall buildings or trees. The buckets
were placed on top of low buildings with heights ranging from 4 to 12 m. Dust-
fall particles were wiped off from the bottom of buckets with a brush and then
washed twice with distilled water. Leaves, insects, and bird manure, in any,
were removed from the dustfall with clean forceps before brushing. The sam-
ples were freeze dried (FDU-830, EYEL4, Japan), weighed, stored in amber
glass jars (previously rinsed with dichloromethane) with polypropylene lids,
and kept at −18◦C before analysis.
Extraction and Cleanup
Sample extraction was performed with an accelerated solvent extractor
(ASE-300, Dionex, Beijing, China) equipped with 34-mL stainless-steel extrac-
tion cells. A glass fiber filter was placed at the bottom of each extraction cell
to avoid fine powder breaking through into the collection bottle. Around 1 g
frozen dried sample was analytically weighed, mixed with 2 g of anhydrous

































1718 Wu et al.
samples were extracted using dichloromethane as the extraction solvent under
1500 psi at 140◦C. The solvent extracts were collected in a precleaned collec-
tion bottle. The extractions were carried out in one cycle with a 7-min heating
followed by a 5-min static extraction. The flush volume of 60% of the extrac-
tion cell volume was used. The extracted solutions were transferred to 100-mL
pear-shaped flasks and concentrated to near dryness under reduced pressure
in a 35◦C water bath on a rotary evaporator.
The concentrated extracts were transferred with 2 mL hexane onto the
top of chromatography column (30 cm × 10 mm i.d.) filled with 6 g Florisil
(precleaned for 6 h at 650◦C, dried in a 130◦C oven for at least 16 h before
use). The Florisil was wet loaded as slurry in hexane. The hexane was drained
until the solvent level reached the top of the cotton. The separation elution
procedure consisted of 50 mL hexane and 50 mL hexane/dichloromethane (v/v
7/3) at a rate of 2 mL min−1. The eluate was collected and concentrated on
a rotary evaporator and transferred onto a Kuderna-Danish tube and rinsed
three times with hexane. The final volumes were adjusted to 1 mL under a
gentle stream of nitrogen and transferred to 1.5-mL vials for analysis.
Chromatographic Analysis
Samples were analyzed with a gas chromatograph (Aglient GC6890, USA)
equipped with an autoinjector, a 63Ni electron capture detector (µECD), and
fitted with a 30-m HP-5 capillary column (0.25 mm i.d., 0.25 µm film). The
GC system was operated in a splitless mode with a venting time of 0.75 min
a total of 1 µL of each sample was injected into the GC system to separate
the organochlorine pesticides. The oven temperature was maintained at 50◦C,
raised to 150◦C at a rate of 10◦C min−1, and then programmed to 240◦C at 3◦C
min−1 and held for 5 min. The injector and detector were maintained at 220◦C
and 280◦C, respectively. Nitrogen (>99.999%) was used as the carrier gases at
a flow rate of 23 mL min−1. GC peaks were identified with the retention time
of each standard (±0.3%). The residues of HCHs and DDTs were quantified by
comparing the peak areas of the samples and calibration curves (r > 0.998) of
the standards (Aglient, 8500-6054). Total organic carbons (TOCs) and size dis-
tribution of the dustfall were also determined with a TOC analyzer (TOC5000,
Shimadzu, Japan) and particle size analyzer (MasterSizer 2000, Malvern, UK).
Analytical Quality Controls
For the target compounds, the analytical detection limits calculated as
mean blank + 3 SD were typically 0.05–0.27 ng mL−1 (equivalent 0.06–0.28 ng
g−1). The recovery rates of the seven compounds using this method ranged from
67% (p,p′-DDE) to 104% (β-HCH) (Table 1). A 100-mL solvent (dichloromethane

































OCP Residues in the Dustfall of Tianjin 1719
Table 1: The recoveries and detection limits of HCH and DDT in dustfall samples.
HCHs/DDTs α-HCH β-HCH γ-HCH δ-HCH p,p′-DDE p,p′-DDD p,p′-DDT
Recovery (%) 89 104 84 96 67 98 90
Detection limit 0.18 0.07 0.14 0.14 0.06 0.24 0.28
(ng/g d.w.)
d.w.; dry weight.
with GC-ECD to monitor the solvent background. A blank sample, prepared
using the same procedure as for the samples, was analyzed with every five
samples to check for contamination from solvents, Florisil, and glassware.
RESULTS AND DISCUSSIONS
Pesticides Residues in Dustfall
The studied compounds were all identified in the samples collection. The
maximum, 95th, 75th, 50th (median), 25th, and 5th percentiles and minimum
of HCHs concentrations in dustfall from Tianjin are shown in Figure 2. The con-
centration of HCHs ranged in several orders for both heating and nonheating
season samples. For heating season samples, the coefficient of variation (CV)
of α-HCH is greater than the other three compounds (β-, γ -, and δ-HCH) and
HCH (sum of α-, β-, γ -, and δ-HCH). As for nonheating season samples, the
CV values for four isomers of HCH and HCH are relative, consistent with the
mean and standard deviation (SD) of 2.48 and 0.22 (Table 2). HCH in heating
Figure 2: Concentrations of HCH residues in dustfall samples. The values of maximum, the
95th, 75th, 50th (median), 25th, and 5th percentiles, and minimum are illustrated by
box-whisker symbols and the arithmetic means are presented as “×”. Nonheating season is

































1720 Wu et al.
Table 2: The CV of HCHs and DDTs for both heating and nonheating season
dustfall.
Compounds α-HCH β-HCH δ-HCH γ-HCH ΣHCH p,p′-DDE p,p′-DDD p,p′-DDT ΣDDT
Heating 2.84 1.12 1.18 1.19 1.85 1.34 2.4 2.07 1.86
season
Nonheating 2.39 2.79 2.18 2.53 2.52 1.22 2.43 1.16 1.67
season
season dustfall samples investigated ranged from 10.9 to 3.16 × 103 ng g−1 dry
weight, with a mean and SD value of 428 and 792 ng g−1, respectively. The
maximum HCH residue level in heating season samples was detected at site
JC-24 (3.16 × 103 ng g−1) followed by sites JC-23 (2.56 × 103 ng g−1), JC-12 (721
ng g−1), and JC-11 (500 ng g−1) (Fig. 3a). The contamination levels of HCH
in nonheating season samples ranged from 6.9 to 1.12 × 103 ng g−1 with the
mean and SD of 91 and 228 ng g−1, respectively. JC-11 (1.12 × 103 ng g−1) and
JC-12 (218 ng g−1) also exhibited much higher HCH than other sites in the
nonheating season (Fig. 3b).
The two sites, JC-11 and JC-12, were near the pesticide chemical factories
at Tanggu and Hangu district, where Tianjin Dagu Chemical Plant and Tianjin
Chemical Plant are located, and received higher fluxes of HCH emission from
these factories. There is no obvious explanation for the elevated HCH level at
sites JC-23 and JC-24 in the heating season except for the emission or usage
of technical HCH (Fig. 3a). Although the levels of HCH at the two sites in
Figure 3: Concentrations of HCH in heating (a) and nonheating (b) season dustfall from

































OCP Residues in the Dustfall of Tianjin 1721
the nonheating season were not the highest among the collected samples, the
values (89.6 and 41.4 ng g−1) are both much higher than median (Figs. 2 and 3b).
When considering the fraction of α-HCH to HCH, we found α-HCH was the
highest components for JC-23 (88%) and JC-24 (85%) in the heating season and
only 20% and 26% for JC-23 and JC-24 in the nonheating season. The fact that
some small private factories near the two sites are still illegally manufacturing
trichlorobenzene using the ineffective materials produced from the production
of lindane may be the main reason for the abnormally high levels of HCH. But
the cause of the low levels of HCH in the nonheating season dustfall at the
two sites cannot be explained with the emission of HCH from small factories.
The ratio of HCH in heating season samples to nonheating season sam-
ples at the same site showed that most sites exhibited the predominance of
heating season samples to nonheating season samples (Figs. 2, 3, and 4). Ac-
cording to the Wilcoxon signed rank test, the differences of compound levels
measured between different seasons are significant (P < 0.05). The seasonal
differences of HCH can be related to the difference of temperature and sam-
pling duration. The lower temperature in heating season would result in less
vaporization loss and more HCHs would retain in the dustfall particles with
respect to nonheating season. At the same time, less resuspension would occur
in heating season with short sampling time with respect to long nonheating
sampling time if the probabilities of loss were equivalent in both seasons.
Figure 5 exhibits the maximum, 95th, 75th, 50th (median), 25th, and 5th
percentiles and minimum of DDT concentrations in dustfall, just like the HCH
distribution in Figure 2. Different DDT compounds have different ranges of con-
centrations for both heating and nonheating seasons. The CV of p,p′-DDD was
the greatest among the three DDT compounds and DDT (sum of p,p′-DDD,
p,p′-DDE, and p,p′-DDT) for both of heating and nonheating season samples


































1722 Wu et al.
Figure 5: Concentrations of DDTs residues in dustfall samples. The values of maximum, the
95th, 75th, 50th (median), 25th, and 5th percentiles, and minimum are illustrated by
box-whisker symbols and the arithmetic means are presented as “×”. Nonheating season is
indicated by the shadow symbols.
(Table 2). DDT in heating season samples varied from 37.8 to 1.53 × 103 ng
g−1 dry weight, with the highest values at sites JC-10 (406 ng g−1), JC-11 (907
ng g−1), and JC-12 (1.53 × 103 ng g−1) (Fig. 6a), and the average and SD of
DDT were 186 and 346 ng g−1, respectively. For nonheating season dustfall
samples, DDT ranged from 18.6 to 625 ng g−1 with the mean and SD of 80 and
134 ng g−1, respectively. JC-11 and JC-12 also presented high levels of DDT
for nonheating season samples (Fig. 6b). Emission from pesticide factories and
Figure 6: Concentrations of DDT in heating (a) and nonheating (b) season dustfall from

































OCP Residues in the Dustfall of Tianjin 1723
Figure 7: Ratio of DDT concentration of heating season samples to nonheating season
samples.
evaporation from the polluted soil, river, and lake water contributed more DDTs
to the dustfall particles at stations JC-11 and JC-12. Station JC-10 was also
near the Renmin Pesticide Factory at Beichen district and exhibited high lev-
els of DDT in heating season samples. A large amount of dicofol, a pesticide
containing a small percentage of DDT and used primarily to control mites on
crops, had been manufactured for decades at the pesticide factory before sam-
pling time. However, no dustfall sample was collected at station JC-10 during
the nonheating season.
From the comparison in Figure 7, we can see that the DDT in heating
season samples are almost higher than those of nonheating season samples.
It is also evident from Figures 5 and 6 that the differences of three DDT com-
pounds levels exist between different seasons. The Wilcoxon signed ranks test
also showed that the DDT in heating season samples were significant higher
than those of the nonheating season at P < 0.05. This may be also due to
the low temperature influence and the relative abundance of the HCHs and
DDTs in particulate phase in winter. Kylin and Sjödin[20] also reported that the
peak of p,p′-DDT in the wax fraction of pine needles was due to particle bound
p,p′-DDT deposited during winter. But the dramatic difference of compound
concentrations between two seasons cannot be explained only through temper-
ature difference. Emission from factories and illegal usage of HCH and DDT
can also partially explain the occurrence in heating and nonheating season
samples.
There are no published studies on the concentrations of HCHs and DDTs in
dustfall, but we can compare our results with the corresponding concentrations
in Tianjin topsoil. These levels were much higher than those in Tianjin topsoil,
whereas the concentrations were 1.3–1.09 × 103 ng g−1 dry weight with an
average value of 45.8 ng g−1 dry weight for HCH, and 0.24–963 ng g−1 dry
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range of concentrations in dustfalll for the HCHs and DDTs that we report
here were much higher than published data for Tianjin topsoil. It seems that
the accumulations of HCHs and DDTs in dustfall samples were higher than
topsoil due to their small size and more specific surface area.[21]
Composition Distributions
Among various isomers of HCH in the dustfall, β-HCH was the most domi-
nant (43% and 48% for heating and nonheating season, respectively), followed
by γ -HCH (35%) and α-HCH (35%) for heating and nonheating season, respec-
tively. The DDT residues in heating season dustfall were mainly in the form
of p,p′-DDT (70%), whereas the residue in nonheating season dustfall was in
the form of p,p′-DDT (39%) and p,p′-DDE (39%). β-HCH and p,p′-DDT also
prevailed in Tianjin topsoil (65% and 47%), showing a certain similar source
of HCHs and DDTs between dustfall and topsoil.[3−4] Gong et al.[3,4] pointed
out that the topsoil samples with high levels of DDTs and HCHs were collected
from a pesticide factory vicinity and agricultural area where DDT and HCH
were largely emitted or used, also suggesting their possible similar sources.
HCHs and DDTs in topsoil evaporate into the atmosphere, absorbed on to the
surface of airborne particles, and are deposited with particles. Another possi-
ble pathway was that the suspension of soil dust taken with HCH and DDT
contaminants entered into the dustfall directly.
Certain metabolites of DDT and HCH residues in dustfall, found in this
study, may have resulted from biological and photochemical transformation.[22]
Predominance of β-HCH in dustfall indicated that the residue of HCH mainly
came from the volatilization from soil or water polluted by the early usage or
emission from pesticide factory. It also indicated that β-HCH is more stable
than other HCH isomers and will persist long time in the environment.[23,24]
The isomer distribution of industrial HCH is α (65–70%) > γ (12–14%) > δ
(6%) > β (5–6%), whereas γ is above 99% in lindane. The ratios of α-HCH to
γ -HCH (α/γ ) can be used to trace the formation type and transport pathway
of the HCHs. This ratio should be 4–7 for technical HCH and nearly zero for
technical lindane.[25] But in this study, the ratio of α/γ was mainly between 0.06
and 14.9 (two exceptional ratios were 34.2 and 37.5 for sites JC-23 and JC-24)
in heating season samples and 0.43–7.5 in nonheating season samples, which
indicated that the early usage pattern of HCHs is the mixture of industrial
HCH and lindane.[25] Such interpretation may be confounded by the photo-
chemical isomerization of γ -HCH to α-HCH in the atmosphere.[26,27] However,
Garmouma and Poissant[28] pointed out that degradation and photochemical
action was slow compared with regional atmospheric transport. It also can be
concluded that these factors will not change the ratio of α/γ greatly in dustfall
from Tianjin. Emission from pesticide factories, different chemical and physical

































OCP Residues in the Dustfall of Tianjin 1725
Because p,p′-DDE is a metabolite of p,p′-DDT and not included in the tech-
nical DDT, higher and lower p,p′-DDT/p,p′-DDE (DDT/DDE) ratios can be used
to indicate the recent and past usage of technical DDT, respectively.[25,29] The
ratio of DDT/DDE ranged from 0.22 to 4.7 with the mean of 1.49 for heating
season samples and from 0.39 to 3.4 with the mean of 1.24 for nonheating
season samples. It suggested that fresh DDT continuously enters the environ-
ment through application of DDT or dicofol for controlling agricultural pests or
emission from the pesticide factory, although their agricultural usage had been
banned since 1983. Similar component distributions of DDTs had been observed
in the airborne particles of Tianjin, reporting that DDT/DDE ranged from 0.6
to 51 with mean value of 14.1 and the sites with a high ratio located at Tanggu
and Hangu district.[30] Iwata etal.[16] reported the ratio of DDT/DDE was <1
in the atmosphere of high latitudes, where DDT compounds were long-range
transported with no new DDT input.
Effects of TOC and Particle Size Distribution
To investigate the relationship of HCHs and DDTs concentrations with
dustfall properties, TOC and particle size distribution of all samples were mea-
sured. The TOC contents ranged from 3.3–25.4% to 5.1–23.4%, with the mean
values of 10.9% and 12.1% for heating and nonheating season samples, respec-
tively. The values of TOC were mainly in the range of 7–13% and 7.5–16.5% for
heating and nonheating season samples, respectively. The data of TOC of all
samples were logarithmic transformed, and then ln[TOC] was used to analyze
the relationship with ln[HCH] and ln[DDT]. TOC appeared to play some
role in controlling or influencing the HCH and DDT content of the dustfall.
The correlation between ln[TOC] and ln[HCH] was significant at P = 0.05
(r = 0.46, n = 23), whereas the correlation between ln[TOC] and ln[DDT] was
not significant though the correlation was positive (r = 0.32, n= 23) for heating
season samples (Fig. 8). However, no correlation was observed for nonheating
season samples. Gong et al.[3,4] also reported the positive correction between
TOC and HCH and DDT for Tianjin topsoil samples. But Aigner et al.[31]
showed no strong correlation between organochlorine residures and soil organic
carbon contents.
The dustfall particle size was in the range of 0.63–2000 µm. The fractions
(%) of particles ≤100 µm (PM100) and ≤10 µm (PM10) in diameter in full size
particles were correlated with HCHs and DDTs contents. The significant corre-
lations between particle fractions (%) and ln[HCH]/ln[DDT] were observed
at P = 0.05 only for nonheating season samples (Fig. 9). It seems that fine par-
ticles with relatively more adsorption sites will adsorb more semivolatile gas
phase HCH and DDT in the atmosphere in the nonheating season. The fact
that temperature in the nonheating season is higher than that of the heating
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Figure 8: Plots of ln [HCH] and ln[DDT] against ln[TOC] in dustfall from Tianjin.
Particulate HCHs/DDTs Atmospheric Flux
Dry deposition fluxes of HCH and DDT compounds at each site were cal-
culated from the HCH and DDT concentrations and dustfall fluxes (weight di-
vided by sampling duration and bucket mouth area) for heating and nonheating
Figure 9: Scatter plots of ln[HCH] and ln[DDT] vs. PM100 and PM10 (%) for nonheating

































OCP Residues in the Dustfall of Tianjin 1727
Table 3: Annual deposition flux of HCHs and DDTs in Tianjin, China (t).
Compounds α-HCH β-HCH δ-HCH γ-HCH ΣHCH p,p′-DDE p,p′-DDD p,p′-DDT ΣDDT
Heating 7.6 15.0 3.3 15.4 41.3 10.6 5.0 8.2 23.8
season
Nonheating 12.1 13.2 8.5 14.7 48.5 20.8 13.5 21.5 55.8
season
Annual 19.7 28.2 11.8 30.2 89.8 31.4 18.6 29.7 79.6
seasons. Some sites (heating season samples at sites JC-23 and JC-24, intercur-
rently polluted by the emission from factories) with abnormally high levels of
HCHs and DDTs were not used to calculate the deposition of HCHs and DDTs.
The individual district’s deposition fluxes were calculated from the site’s depo-
sition fluxes and the district areas, and then the sum of all district fluxes was
the whole yearly deposition of the Tianjin area with 1.19 × 104 km2 (Table 3).
From Table 3 we can see that the deposition flux of HCH in the nonheating
season is weakly greater than that of the heating season, though the time is
about three times longer than the heating season, whereas the deposition value
of DDT in the nonheating season is 2.34 times greater than that of the heating
season. The yearly atmosphere deposition (including dry and wet deposition)
flux of HCH and DDT is 90 and 80 t, respectively. The sum of dry and wet
deposition values from atmosphere to soil and water of α-, β-, δ-, and γ -HCH
is 42, 12, 29, and 90 t yr−1 with estimates based on calculations with the IV
fugacity model of Cao[32] in steady state after technical HCH and lindane were
banned in 1983 and 1993, respectively. We made a comparison of the values of
deposition flux obtained from these measurements and as calculated from the
steady-state fugacity model (Fig. 10). Model predictions for β-, γ -, and δ-HCH
are smaller than those of experimental values, whereas prediction for α-HCH
is greater than that of measurements.
The differences between the modeling and experimental results may come
from both fugacity model and experimental monitoring. According to the com-
plete mixing assumption, the flux from air to surface calculated in the fugacity
Figure 10: A comparison of the deposition flux of HCH compounds according to the

































1728 Wu et al.
model focused only those from the well-mixed air compartment with 1000 m
thickness either as gaseous or adsorbed HCHs. Those brought to near surface
air by wind and dropped soon on the surface were not included, which, however,
contributed a major fraction of the dust collected during falling dust monitoring.
It also should be indicated that the sample size of this study is relatively small
and sampling locations were not ideal due to cost limitation. The spatial varia-
tion in air-to-surface flux of the entire Tianjin could not be accurately rendered.
Another difference between the monitored data and the modeled results is
the relatively low contribution of α-HCH to the total flux found in this study.
A reasonable explanation is that the model targeted steady-state situation in
1980s, when technical HCHs was just replaced with lindane. After 20 years
of degradation, the change in the distribution of HCH isomers is expected. Of
course, illegal usage of HCHs in the area cannot be totally ruled out, though
direct evidence is yet to be collected.
Although there are uncertainties associated with the representation of
dustfall sites, it is one of the economical and applicable techniques available
to investigate atmospheric deposition of HCHs and DDTs. However, this sim-
ple comparison does not attempt to evaluate any shortcoming of the fugacity
model. The limitation that we do not have available sampling sites adequate
to characterize and assess precisely atmospheric deposition of HCHs/DDTs to
a large area is made up with the modeling calculations to some extent. It is
important to understand that all estimates of atmospheric deposition of HCHs
and DDTs have large uncertainties. The estimates usually have some degree
of uncertainty due to insufficient data and inability to model or predict the
physical–chemical behaviors of the organic contaminants in the environment.
CONCLUSIONS
The differences in HCH and DDT compound concentrations and profiles we ob-
served among samples are probably the result of differences in emission from
pesticide factory, volatile from polluted soil/water among the different regions,
and suspension of soil dust with HCHs and DDTs contaminants in which sam-
ples are collected. Application of HCH and DDT or dicofol may change HCH and
DDT occurrence in the dustfall sample. The difference of temperature between
heating and nonheating seasons may be the major cause of the differences of
HCH and DDT levels in both season samples. It seems that TOC content plays
some role in influencing the HCH for heating season dustfall sample. For non-
heating season dustfall samples, fine particles seem to adsorb more DDT and
HCH due to greater specific surface area. Atmospheric deposition flux of par-
ticulate DDT and HCH is 80 and 90 t yr−1 for the whole Tianjin area. The
HCHs/DDTs in dust will eventually deposit on the surface of soil and/or crops,
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experimental and modeling results due to some factors from both experiment
and model are discussed.
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